AD-A174  291 
UNCLASS t PIED 


THERMAL  BARRIER  COATINGS  FOR  SHIPBOARD  PROTECTIONS) 
STATE  UN IV  OF  NEU  VORk'  AT  STONV  BROOK  DEPT  OF  MATERIALS 
SCIENCE  AND  ENGINEERING  H  HERMAN  07  NOV  86 
N00014-82-K-206T 


F/G  11/3 


•tCROCOPY  RESOLUTION  TEST  CHART 

IwrtQNSl  BUREAU  Of  STANDARD  1%3.« 


gmaEggBBamggzgE 


1 


la  REPORT  SECURITY  classification 

Unclassified 


3a.  SECURITY  CLASSIFICATION  AUTHORITY 


Jb.  OBCLASSIFICATION/OOINNORAOlNG  SCHCQULC 


4.  PE  AFORMINC  ORGANIZATION  REPORT  NUMBER'S) 


*a  NAM  OF  PERFORMING  ORGANIZATION 

State  University  of  New  York 
at  Stony  Brook 


Sc.  AOORCSS  (City.  StH  amd  ZIP  Coda) 

Dept,  of  Materials  Science 
State  University  of  New  York 
Stonv  Brook,  NY  11794-2275 


Sa  NAM  OF  FUNOlNG/SFONSORINff 
ORGANIZATION 

Naval  Research  Laboratory 


lb.  RESTRICTIVE  MARKINGS 


3.  OlSTRI  SUTION/A  VAI  LAS  I  LI  TV  OF  REFORT 

Unlimited 


S.  MONITORING  ORGANIZATION  REPORT  NUMIIRISI 

iI00014-82-K-2063(2) 


7a  NAME  OF  MONITORING  ORGANIZATION 

Naval  Research  Laboratory 
Code  6180 


7b.  AOORCSS  (City.  Slam  amd  ZIP  Coda) 


Washington,  DC  20375 


OFFICS  SYMBOL 
(It  t00Ueadmi 


Code  6180 


Be.  AOORCSS  I City .  Slam  md  ZIP  Coda) 

Washington,  DC  20375 


11.  TITLE  < Imelmda  Saeunty  ClamtHaaltami 

THERMAL  BARRIER  COATINGS  FOR  SHIPBOARD  PROTECT 


13.  psrsonal  authorisi 

Prof.  H.  Herman 


B.  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 


10.  SOURCE  OF  FUNDING  NOS. 


PROJECT 

task 

won*  UNIT 

NO. 

NO. 

NO. 

13b.  TIME  COVSRCO 

FROM  3/1/22  TO  12,/Jl/g 


14.  OATS  OF  REPORT  I Yr. .  .Wo..  Day) 

►  1986  -  11  -  7 


is  page  count 

14 


IE.  supplementary  notation 


COSATI  COOES 


GROUP 


It.  ABSTRACT  (CamUmaa  am  i 


IS  SUBJECT  TERMS  (CamUmaa  am  mm  if  naeamary  and  i dantify  by  btaeb  num bar) 


I  tdamUfy  by  Mae*  numbar) 


Cermet  coatings  are  thermal  sprayed  onto  aluminum  shipplate  to  give  thermal  and  fire 
barrier  protection.  It  is  observed  that  these  coatings  are  highly  effective  means  for 
effecting  such  long-term  passive  protection. 

>  DTIC 

W%ELECTEf\ 
V.  NOV  2  1 1986  I 


-  ■  QV 

;  tux. 


30  OISTRIBUTION/AVAILASILITY  of  abstract 
UNCLASSIFICO/UNLIMITSO  IS  SAME  AS  APT.  □  OTIC  USERS  □ 


73a  NAME  OF  RESPONSIBLE  INOlVIOUAL 

Prof.  H.  Herman 


31  abstract  SECURITY  CLASSIFICATION 

Unclassified 


33b  TELEPHONE  NUMBER 
llntluda  Aram  Coda ) 


33c  OFFICE  SYMBOL 


(516)  632-8480 


00  FORM  1473,  83  APR  ft^[TIONf "1 JAN  %*fMOuW  1  e  Unclassified _ 

»  D  1  A  &  X  V  1  O  SECURITY  CLASSIFICATION  OF  TmiS  PACE 

v  <y%.V-.L vV-K  -.  . lV.-.  vV.v. .v.vlV 


5 


FINAL  REPORT 


to 

Naval  Research  Laboratory 
Washington,  D.C.  20375 

Attn:  Dr.  Homer  Carehart 
Code  6180 


THERMAL  BARRIER  COATINGS  FOR  SHIPBOARD  PROTECTION 
Contract  No.  N00014-82-K-2063 


Submitted  by: 


Professor  H.  He-rman 
Thermal  Spray  Laboratory 
Dept,  of  Materials  Science  &  Engineering 
State  University  of  New  York 
Stony  Brook,  N.Y.  11794-2275 


I  NT  IS  GHA&T 
DTI C  TAB 
Unannounced 
Juiit  i;'5  on  Lion. 

By . . 

_Dl3tr:V  -V o :/ 

Avo'i  .  ■  •  v 

Dial  1  c; 


! 


THERMAL  BARRIER  COATINGS  FOR  SHIPBOARD  PROTECTION 


The  use  of  aluminum  for  ship  structural  members  is  dictated  by  design 
criteria  involving  strength-to-weight  ratios.  There  are  however,  significant 
deficiencies  associated  with  the  use  of  this  light  metal:  a  low  melting  point 
(659°C)  and  a  high  thermal  conductivity  (2.5  Wcm  ^).  For  comparison 
purposes,  mild  steel  melts  at  1427 °C  and  has  a  thermal  conductivity  of  0.6  Wcm 
Aluminum  melts  in  fire  situations,  creating  hazards  to  personnel  and  equipment. 

In  addition,  the  heat  can  seriously  degrade  the  mechanical  properties  of  aluminum 
alloys  even  during  brief  thermal  excursions  above  about  200°C. 

It  would,  therefore,  be  of  considerable  advantage  to  protect  the  aluminum 
structure,  and  this  was  carried  out  by  thermal  spraying  of  a  cermet  coating. 

Oxide  coatings  are  well  known  as  thermal  barriers  [1]  and  many  investigators 
have  studied  their  performance  when  deposited  onto  superalloy  turbine  blades. 

The  superalloys  have  coefficients  of  thermal  expansion  (a)  from  10  to  19  X  10  ^°C 
and  it  has  been  found  [2]  that  the  low  expansion  materials  (e.g.,  y|y  -  a  Ni  base 
alloy)  exhibit  the  best  thermal  cycling  lifetimes.  In  fact,  much  discussion  [3,4] 
has  been  generated  about  the  role  of  expansivity  differences  between  the  coating 
and  substrate;  and  for  aluminum  this  problem  will  be  accentuated  by  a  high  a 
(23  X  10-6oC-1). 

The  main  problems  addressed  in  this  work  are  the  ability  for  a  cermet  coating 
to  perform  as  a  fire  barrier.  Also  of  importance  will  be  the  corrosion  character¬ 
istics  and  mechanical  properties  of  the  cermet  when  attached  to  the  substrate. 
Thus,  there  was  no  requirement  for  the  coating  to  be  subjected  to  repeated  cycling 
(although  this  may  be  a  desirable  property)  since  in  practice  the  aluminum  struc¬ 
ture  would  be  reconditioned.  The  most  important  property  of  the  coating  is  in 


de  ,»/ing  (or  preventing)  failure  of  the  aluminum  substrate.  Much  attention  was 
also  paid  to  simple  manufacture  of  the  coatings  and  to  this  end  a  cermet  formu¬ 
lation  was  developed  rather  than  "  duplex  or  graded  coating. 

EXPERIMENTS 
Thermal  Tests 

Specimen  fabrication  was  carried  out  by  spraying  the  premixed  powders 
(0,  20,  40,  80,  100%  A^O^  an<*  40,  50,  60,  70%  ZrO^  with  the  balance  being 
Ni-Al)  with  a  Metco  5P  Thermospray  gun  (parameters  shown  in  Table  1)  onto  grit 
blasted  aluminum  (alloy  6061  T651)  panels  (152  X  100  X9.5mm*6X4X  3/8  inches). 
All  of  the  coatings  were  laid  down  to  a  thickness  of  0.25  mm  (=  0.010  inches)  in 
order  that  valid  comparisons  of  the  coating  conductivities  could  be  made. 

A  flame  test  was  devised  to  examine  the  thermal  properties  of  the  coating 
and  substrate.  The  heat  source  used  as  a  "standard"  flame  was  chosen  for  its 
convenience  -  i.e.,  it  was  the  Metco  5P  Thermospray  gun  with  5P7-G  nozzle  which 
was  held  152  mm  (6  inches)  from  the  center  of  the  substrate.  As  a  general 
comment,  it  should  be  noted  that  a  standard  flame  does  not  exist  in  any  real 
situation,  and  thus  the  flame  used  in  these  tests  only  allowed  the  relative 
conductive  properties  of  the  cermet  coatings  to  be  established.  The  substrate 
was  instrumented  with  two  thermocouples  which  were  placed  into  holes  (2  mm 
diameter  and  3  mm  deep)  drilled  into  the  back  of  the  substrate  at  positions 
corresponding  to  the  torch  center  and  50  mm  off-center.  Therefore,  the  tempera¬ 
ture  vs  time  history  of  the  substrate  was  recorded  to  study  the  insulative 
effect  of  the  coating  on  the  substrate  conductivity. 

The  above  techniques  enabled  the  coatings  to  be  distinguished  with  respect 
to  their  thermal  barrier  properties.  In  conjunction  with  these  "quantitative 
tests"  some  destructive  measurements  were  also  performed.  Thus,  the  panels 
were  subjected  to  tests  where  the  time  for  melting  of  the  substrate  indicated 


its  fire  susceptibility.  The  former  "non-destructive"  tests  allowed  several 
measurements  so  that  the  reproducibility  of  the  particular  test  technique  could 
be  ascertained. 

Corrosion  Tests 

Salt  water  immersion  tests  similar  to  ASTM  standard  G34-72  [5]  but  using 
a  standard  salt  solution  [6]  were  carried  out  on  the  cermet  coatings.  The 
initial  results  were  largely  negative  and  it  is  expedient  to  discuss  and  conclude 
them  in  this  section. 

Active  corrosion  resulted  in  coating  undermining  and  lift  off.  The  metal 
alloy  portion  of  the  cermet  coating,  Ni-Al,  was  formed  by  cladding  one  metal 
with  the  other,  mixing  this  composite  with  the  oxide,  and  spraying.  Clearly, 
free  aluminum  formed  within  the  coating,  giving  rise  to  an  active  electrochemical 
couple  between  the  free  aluminum  and  nickel.  The  problem  of  corrosion  was  solved 
by  employing  a  Ni-Al  alloy  powder  atomized  from  the  melt  and  having  no  free 
aluminum.  No  electrochemical  cell  developed  on  placing  such  a  coating  within 
electrolyte. 

Mechanical  Tests 

A  major  acceptance  criterion  for  the  cermet  coating,  other  than  its  fire 
barrier  capabilities,  is  its  adhesion  to  the  substrate  under  bending  loads. 

The  residual  stress  at  the  coating  surface  (under  normal  spraying  procedures) 
is  tensile  [7]  so  bending  tests  were  designed  to  maximize  this  stress  and,  there¬ 
fore,  the  coatings  were  tested  in  tension.  The  substrate  dimensions  were  approxi¬ 
mately  15.2  X  2.5  X  0.95  cm  (6  X  1  X  3/8  inches),  and  these  were  sprayed  with 
cermet  coatings  of  50  ZrO^,  40  Zr02»  40  A^O^  and  20  A^O^  (in  weight  percent 
with  the  balance  being  NiAl)  to  a  thickness  of  0.5  mm  (0.020  inches).  The 
specimens  were  tested  with  the  coatings  in  tension  in  a  3  point  bending  rig 
having  a  span  of  10  cm  (4  inches) .  It  should  be  noted  that  the  "3  point" 
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arrangement  gives  rise  to  more  severe  deformation  stresses  than  does  the  4  point 
bending  mode,  which  in  turn  is  best  used  when  only  "pure"  bending  stresses 
are  required.  In  fact,  the  3  point  bend  test  resulted  in  a  plastic  hinge 
which  greatly  facilitated  the  controlled  imposition  of  plastic  strains  to  the 
aluminum  substrate. 

Two  series  of  tests  were  carried  out.  In  all  tests  the  vertical  displace¬ 
ment  at  the  center  of  the  specimen  was  measured  with  an  extensometer  set  to  a 
magnification  ratio  of  25;  i.e.,  1  ram  of  crosshead  displacement  corresponded 
to  25  mm  of  chart  movement.  This  enabled  the  plastic  deformation  of  the  aluminum 
plate  to  be  precisely  measured.  In  the  first  series  of  tests,  the  coated  plates 
were  incremently  bent  and  the  coating  visually  checked  so  that  any  cracking 
could  be  observed.  The  second  series  of  tests  were  carried  out  in  much  the  same 
manner  except  that  the  coatings  were  also  monitored  through  acoustic  emission  (AE) . 
It  was  thus  possible  to  examine  the  coating  integrity  (adhesion  problems  or  crack¬ 
ing  behavior)  in  situ;  and  this  significantly  expediated  the  testing  procedure. 
RESULTS 


Thermal  Tests  -  non-destructive  measurements 


The  heating-up  curves  of  the  aluminum  plate  are  contrasted  to  those  of  the 
zirconia  and  alumina  cermet  coatings  in  Fig.  1.  From  these  graphs  it  is  obvious 
that: 

(1)  The  heating-up  rate  at  the  periphery  of  the  plate  is  less  than  those 
areas  near  the  plate  center; 

(2)  Thermocouples  placed  at  corresponding  positions  on  samples  with  dif¬ 
ferent  coatings  exhibit  different  heating  rates. 

It  was  thus  observed  that,  at  temperatures  less  than  approximately  500°C  (for 
the  center)  and  less  than  approximately  370°C  (for  the  rim),  the  heating  rate 
of  the  coated  substrate  was  not  substantially  different  from  that  of  the  bare 
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aluminum  panel.  However,  when  the  center  temperature  was  about  600°C  and  the 
rim  about  500°C,  the  coatings  exhibited  a  fire  barrier  effect,  and  would  delay 
thermal  failure  of  the  coating-substrate  combination. 

The  greatest  influence  on  the  heat  flux  pattern  for  both  cermet  coatings 
was  approximately  within  the  20-50  Wt.%  ceramic  range.  The  center  temperatures 
of  the  A^O^  and  ZrO^  cermet  coatings  were  similar,  whereas  the  A^O^  coatings 
exhibited  a  greater  time  to  attain  a  500°C  rim  temperature  than  did  the  corre¬ 
sponding  ZrO^  coatings. 

One  advantage  of  using  a  non-destructive  test  method  is  that  many  readings 
can  be  performed  on  one  set  of  specimens.  A  summary  of  three  consecutive  heating 
cycles  for  the  A^O^  cermet  (at  the  center  position  for  temperatures  of  400, 

500  and  600°C)  is  shown  in  Fig.  2.  It  can  be  seen  that  the  heating  times  to 
reach  a  set  temperature  increase  with  the  number  of  heating  cycles.  In  fact, 
for  the  80%  and  100%  Al^O^  cermets,  the  coating  exhibited  a  blister-type  of 
defect  which  was  generally  followed  by  cracking  of  the  coating.  It  is  most 
likely  that  this  effect  is  due  to  the  severity  of  the  test,  where  the  heat 
input  into  a  localized  region  is  large  when  compared  with  the  surrounding  area. 
Therefore,  stresses  are  set  up  between  the  cermet  coating  and  the  aluminum 
plate,  with  the  consequence  that  cracking  of  the  coating  may  expose  the  aluminum 
plate  to  more  direct  heat.  The  main  point  is  that  coating-substrate  systems 
exhibit  different  thermal  properties  under  thermal  cycling  conditions  -  however, 
the  same  trends  are  observed  in  any  particular  cycle. 

The  heating  up  rate  data  was  normalized  with  respect  to  an  uncoated  aluminum 


substrate  (Fig.  3).  The  dimensionless  parameter  is:- 


AT  sample 


AT  aluminum 


Temp  ■ 
Temp . 


at  Center  (s)  -  Temp,  at  Rim  (s) 
at  Center  (Al)  -  Temp,  at  Rim  (Al) 


Expression  (1)  compares  the  center  and  rim  temperature  of  the  cermet 
coated  specimen  to  those  of  an  aluminum  plate  relating  to  the  heat  flux  between 
the  center  and  rim  of  the  sample.  A  relative  value  of  "1"  indicates  that  the 
thermal  properties  of  the  coated  substrate  do  not  differ  substantially  from 
those  of  the  uncoated  aluminum  substrate.  However,  it  is  also  important  to 
know  the  absolute  temperature  of  the  sample.  Therfore,  the  time-temperature 
profile  for  the  centers  of  the  sample  are  included  in  Fig.  3.  In  summary,  the 
temperature  difference  ratio  indicates  the  heat  flow  and  distribution  over  the 
whole  panel,  whereas  the  absolute  temperature  shows  when  failure  (by  melting) 
may  be  imminent  at  the  panel  center. 

Thermal  Tests  -  destructive  measurements 

Coatings  were  also  produced  for  destructive  testing  to  establish  the  "burn 
through  time"  (Fig.  4).  Failure  was  easily  observed  for  the  ui  coated  aluminum 
plates  since  the  aluminum  melted  in  the  center  and  a  molten  pool  sagged  downT 
wards.  However,  the  failure  point  was  not  as  easy  to  observe  for  the  coated 
specimens,  because  the  cermet  coating  obscured  observation  of  the  substrate. 

The  failure  in  these  cases  was  then  taken  as  that  point  where  the  cermet  coat¬ 
ing  glowed  a  distinct  red  color  at  the  point  of  flame  impingement  -  previous* 
experience  showed  that  beyond  this  time  (about  10  to  15  sec)  the  aluminum  panel 
melted  catastrophically  from  the  rear.  However,  in  any  case,  a  thermocouple 
was  spring  loaded  to  the  center  position  and  this  was  observed  to  reach  tempera¬ 
tures  in  the  vicinity  of  650  to  660°C  and  also  to  move  when  the  aluminum 
plate  under  it  began  to  melt.  Therefore,  the  accuracy  of  the  "burn  through" 
measurements  is  limited  to  about  5  to  10  seconds  (the  previous  tests  are 
accurate  to  approximately  5  seconds).  The  results  show  that  the  times  for 
failure  are  a  maximum  at  about  20%  Al^O^  and  50%  ZrO^,  and  these  correlate  well 
with  the  previously  described  thermocouple  measurements. 
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Mechanical  Tests 

It  would  normally  be  anticipated  for  the  coatings  to  be  subjected  only  to 
elastic  loads  during  their  service  life;  however,  these  tests  were  carried  out 
to  the  plastic  limit  of  the  aluminum  substrate,  the  deformation  or  failure  of 
the  coating  (if  any)  then  being  examined. 

The  crosshead  displacement  vs  force  curves  all  exhibited  a  well  defined 
"knee"  at  6000  N  (1350  lb.)  which  corresponded  to  the  material  behaving  in  a 
plastic  hinge  fashion  (Fig.  5).  The  unloading  curve  allowed  the  permanent 
deflection  of  the  aluminum  plate  to  be  calculated.  The  results  of  the  first 
series  of  tests  are  shown  in  Table  2  (Specimens  1  to  4).  It  was  also  observed 
that  the  initial  displacement  tests  show  a  large  range  which  arises  due  to  the 
difficulty  of  visually  observing  the  occurrence  of  cracks.  However,  they  all 
agree  with  the  proposition  that  cracking  occurred  only  after  the  elastic  limit 
of  the  plate  was  reached. 

The  results  of  the  second  series  of  tests  are  also  shown  in  Table  2 
(Specimens  6  to  10).  The  typical  shape  of  the  AE  vs  time  curve  showed  an 
increase  upon  loading  due  to  initial  contact  of  the  3  point  bending  supports 
on  the  specimen.  The  AE  response  then  stabilized  at  a  lower  value  (about  2.0  V) 
prior  to  increasing  when  the  coating  cracked  (2.20  -  2.25  V).  The  results  are 
reasonably  consistent  in  predicting  that  coating  failure  will  occur  when  the 
total  displacement  (elastic  and  plastic)  of  the  specimen  is  greater  than  at 
least  2.7  mm. 


DISCUSSION 


It  has  been  determined  that  cermet  thermal  barrier  coatings  can  be  used 
to  increase  the  short-term  life  of  aluminum  plate  when  subjected  to  a  "standard 
fire  test".  For  zirconia  coatings,  the  optimum  ceramic  content  is  50  Wt.%, 
whereas  it  is  about  20  Wt.%  for  equivalent  performance  from  an  alumina  coating. 
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It  can  also  be  seen  that  more  scope  exists  in  the  "fine  tuning"  of  an  optimum 
cermet  composition.  For  example,  it  may  be  of  benefit  to  use  a  cermet  composi¬ 
tion  of  low  ceramic  content  in  order  to  increase  the  overall  adhesion  of  the 
deposit  (and  its  resilience  to  bending  stresses). 

It  would  be  expected  that  the  thermal  performance  of  the  various  coatings 
could  be  predicted  by  examining  the  thermal  diffusivity  and  conductivity  of  the 
individual  coatings.  There  is  no  such  data  available  for  flame  sprayed  coatings; 
however,  the  approximate  measurements  for  the  bulk  materials  at  two  temperatures 
are  given  in  Table  3  [8] ,  and  values  are  also  included  for  plasma-sprayed  coat¬ 
ings  [9].  Clearly  both  of  these  properties  are  a  minimum  for  the  bulk  ZrO^, 
and  could  be  related  to  the  thermal  properties  of  sprayed  coatings;  although 
the  incorporation  of  a  metallic  component  would  be  an  additional  complication  [10] 
Also,  it  should  be  noted  that  the  thermal  properties  of  bulk  ZrO^  do  not  vary 
significantly  with  temperature  when  compared  with  alumina  and,  thus,  its  behavior 
over  the  entire  temperature  range  should  be  more  stable. 

The  graphs  of  relative  temperature  difference  (Fig.  3)  exhibit  several 
trends.  Values  during  the  initial  heating-up  of  the  substrate  (<40  sec)  are 
generally  greater  than  unity,  and  these  reflect  the  insulating  properties  of 
the  cermet  coating  such  that  the  term  {AT  coating  (center-rim)}  is  large.  This 
large  AT  value  arises  even  though  the  center  temperatures  of  the  coated  and 
uncoated  samples  are  comparable.  Therefore,  the  cermet  coating  does  not  have 
the  disadvantageous  effect  of  concentrating  the  heat  source  -  this  effect,  if 
it  were  observed,  would  lead  to  premature  failure  of  the  aluminum  substrate. 

The  40 %  Zr02  cermet  coating  does  not  behave  appreciably  different  from  the 
uncoated  aluminum  plate.  However,  the  50%  Zr02  cermet  coating  shows  far  superior 
insulating  properties  (i.e.,  no  heat  conduction)  and  these  are  not  further 
improved  with  higher  ceramic  compositions  in  the  cermet.  This  property  does 


not  necessarily  indicate  a  better  fire  barrier  since,  in  this  case,  the 
substrate  takes  102  s  to  heat  up  to  500cC  as  compared  to  109  s  for  the  60% 
ceramic  coating.  The  optimal  fire  barrier  cermet  composition  appears  to  lie 
between  50  and  60%  Zr02>  which  correlates  well  with  the  destructive  tests. 

There  does  not  appear  to  be  any  progressive  trend  with  changing  composition 
and  this  is  not  unexpected.  For  example,  it  is  not  known  how  the  relative 
volume  fraction  of  two  materials  with  different  thermal  conductivities  effect 
the  conduction  path  and  whether  equivalent  spray  parameters  (as  carried  out 
in  this  study)  reflect  similar  ceramic/metal  particle  interactions.  Other 
factors  which  will  change  the  thermal  properties  are  the  emissivity  (or  heat 
radiation  properties)  and  the  surface  roughness  (or  real  surface  area)  of 
the  cermet  coating. 

The  alumina  coatings  generally  show  a  consistent  decrease  in  the  relative 
difference  ratio  during  the  progress  of  one  thermal  cycle  (i.e.,  with  an 
increase  in  temperature).  Values  less  than  unity  arise  because  of  the  relative 
high  conductivity  of  the  alumina  cermet  coating,  which  then  results  in  low 
temperature  gradients  over  the  substrate.  The  alumina  coatings  do  not  exhibit 
the  high  impedence  to  thermal  conduction  as  exhibited  by  the  50%  Zr02  coating; 
that  is,  the  relative  temperature  difference  is  not  consistently  high  over 
the  whole  temperature  range.  The  20%  ceramic  coating  showed  the  greatest 
time  to  reach  500°C  and  also  performed  as  the  best  fire  barrier  coating  during 
destructive  testing. 

Another  interesting  aspect  of  the  coating  behavior  has  been  their  thermal 
cycling  performance.  The  thermal  barrier  effect  increases  with  the  number  of 
cycles,  and  this  is  suspected  to  arise  from  a  change  at  the  coating-substrate 
interface.  In  some  cases,  cracking  was  observed;  and  this  phenomenon  may 
reduce  large  scale  cracking  and  increase  the  effective  coating  adhesion.  On 


the  other  hand,  if  blistering  occurs,  the  events  which  lead  to  cracking  are 
not  controlled  and,  thus,  coating  adhesion  to  the  substrate  is  poor.  The 
interfacial  blistering  presents  an  interesting  possibility  of  increasing  the 
insulating  qualities  of  the  coating.  Selective,  partial  peeling  of  the  coating 
from  the  aluminum  may  be  highly  effective  as  a  fire-barrier  wall. 

The  results  of  the  mechanical  tests  are  straightforward.  The  major  point 
is  that  the  coatings  adhere  to  the  substrate  beyond  the  elastic  limit  of  the 
aluminum  substrate.  The  onset  of  cracking  was  easily  detected  by  acoustic 
techniques . 

CONCLUSIONS 

‘“It  was  found  that  thermal-sprayed  cermet  coatings  on  aluminum  retard 
melting  and  degradation  of  the  base  metal.  The  thermal  behavior  of  the  Al^O^ 
and  ZrO  cermets  was  different  and  showed  the  best  properties  in  the  20  and 
50%  (approximately)  ceramic  compositions  respectively.  There  was  no  corrosion 
problem  when  the  atomized  Ni-Al  was  used.  The  cermet  coatings  adhered  to 
the  substrates  under  high  plastic  strains  in  excess  of  normal  service  conditions 
(assuming  elastic  criteria).  A  further  investigation  showed  that  acoustic 
emission  techniques  could  readily  detect  coating  detachment  within  the  critical 
plastic  deformation  range  of  the  aluminum  substrate. 
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Ubl*  l-  Sptav  Paraaetara  for  Ctraet  Materials 


Gun  -  5P 
Nozzle  -  P7-G 
Matering  Valve  -  No.  12 
Oxygen  Praasura  (MPa)  0.21 

Oxygen  Flov  Rata*  34.0 

Ac acyl ana  Praaaura  (MPa)  0.10 

Acacylena  Flow  Rata*  34.0 

Spray  Dlacaaca  (cm)  7.3-10 

Spray  lata  (*g/h)**  l.S 


* 

Onita  on  Mateo  ZAP  Plow  matar. 

•a 

Powder  vibrator  uaad,  no  air  jac  uaad. 


Tab  la  2.  Mechanical  Properties  of  Coatings 


Specimen  Number 
and 

toadlne  Run 

Weight  t 
Ceramic 

Accumulative 

Plastic 

Deformation 

Cracking* 

Observation 

la 

ZOAl^, 

<  9.0 

extenalva 

2a 

40ZrO, 

0.3 

no 

b 

2.1 

no 

c 

3.8 

flna 

3a 

SOZrO, 

0.0 

no 

b 

0.3 

fine 

SOZrO. 

0.0 

no 

b 

0.8 

no 

c 

2.1 

no 

d 

3.7 

extensive 

3a 

SOZrO, 

0.0 

b 

0.7 

c 

1.7 

yes  after 

1.7  am 

6a 

SOZrO, 

0.3 

b 

1.6 

e 

3.7 

d 

10.0 

yaa  after 

3.0  <m 

7a 

SOZrO, 

0.0 

b 

0.6 

c 

1.9 

d 

4.1 

yes  after 

4.1  m 

4a 

40ZrO, 

0.0 

b 

1.3 

c 

1.5 

d 

2.4 

yes  after 

1.6  n 

7a 

b 

20A1203 

0.7 

2.0 

c 

4.2 

yes  after 

2.9  am 

d 

6.3 

** 

10a 

40A1,0, 

5.8 

yes  after 

3.5  mm 

(Runs  1-4  ara  visual  observations) . 


•Runs  3-10  Indicate  tha  RMS  voltaga  obsarvatlons. 

RMS  voltaga  changed  after  l  tm  of  x-head  dis- 
placeaent. 


Table  3.  Thermal  Properties  of  Bulk  and  Plasma- 
Soraved  Materials  'g.9) 


Thermal 

Olffueivity** 

:  -i 

sec 

Conductivity** 

Wett 

)00~ 

900*K 

300*K 

900  "K 

Zr02 

0.007 

0.005 

0.01 

0.01 

Al2°3 

0.08 

0.02 

0.30 

0.08 

A1 

0.90 

0.70 

2.5 

1.0 

T203-Zr02. 

0.03 

0.07 

SICrAlT* 

0.24 

0.51 

•Plaema  sprayed  materials  (exact  formulations 
unknown) . 

••Data  for  cosqiarlson  purposes  only. 


